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Abstract Acidic fibroblast growth factor (aFGF) is a 
member of the structurally related heparin-binding 
growth factor family. The best studied members of this 
family are aFGF and basic FGF (bFGF), which are po- 
tent mitogens and differentiation factors for mesoderm- 
derived cells, including fibroblasts. This study was de- 
signed to verify the immunohistochemical expression of 
aFGF in normal human endocrine cells of the gut and in 
related endocrine turnouts. We examined normal gastro- 
intestinal mucosa from seven different subjects and 41 
gut endocrine tumours from different sites, including 
stomach, duodenum, and small and large intestine, using 
an aFGF polyclonal antibody with no cross-reactivity for 
bFGF. We localized aFGF in a fraction of serotonin-pro- 
ducing enterochromaffin (EC) cells of the normal gut, 
while it was absent in gastrin (G), CCK, secretin (S), so- 
matostatin (D) and glicentin (L) cells, aFGF immunore- 
activity was also expressed in serotonin producing EC 
cell turnouts, but not in other functional types of gut en- 
docrine neoplasms investigated, including gastric ECL 
cell, duodenal somatostatin a d gastrin cell, and rectal L 
cell tumours. A positive correlation was found between 
expression of aFGF and the amount of turnout fibrous 
stroma, suggesting that aFGF may be involved in prolif- 
eration and activity of stromal fibroblasts. 
Key words Acidic fibroblast growth factor -
Gastrointestinal endocrine tumours •Carcinoid tumours •
Immunohistochemistry 
S. La Rosa. C. Capella (~)1. S. Uccella 
Department of Clinical and Biological Sciences, 
University of Pavia t Varese, Varese, Italy 
A.M. Chiaravalli E Sessa 
Department of Pathology, Ospedale diCircolo, Varese, Italy 
1Mailing address: 
Servizio di Anatomia Patologica, Ospedale Multizonale, 
Viale Borri 57, 1-21100 Varese, Italy 
Tel.: (39) 332 27 82 31, Fax: (39) 332 26 55 86 
Introduction 
Acidic fibroblast growth factor (aFGF or FGF-1) belongs 
to a large family of homologous polypeptide growth fac- 
tors that have an affinity for heparin and glycosamino- 
glycans [10, 29]. This family also includes basic fibro- 
blast growth factor (bFGF or FGF-2), int-2 (FGF-3), Ka- 
posi sarcoma FGF (FGF-4), FGF-5, FGF-6, and kerati- 
nocyte growth factor (FGF-7) [10, 24, 29]. aFGF is a sin- 
gle-chain anionic polypetide with a molecular weight of 
about 18,000, coded by a gene positioned on human 
chromosome 5 between bands 5q31.3 and 5q33.2 [38]. It 
was found to be chemotactic for fibroblasts, and able to 
promote angiogenesis and proliferation of fibroblasts and 
other mesoderm-derived c lls, including heart myocytes 
[3, 10, 17, 19, 20, 22, 24, 26, 29]. Its biological proper- 
ties, including the ability to stimulate angiogenesis and 
formation of granulation tissue, suggest apossible role in 
physiological wound healing [19, 29]. In addition, aFGF 
has been proved to be a neurotrophic factor, which regu- 
lates neuronal cell differentiation and survival both in 
vitro and in vivo [25, 48, 49]. Although aFGF does not 
seem to have a direct role as an autocrine factor in tu- 
mour progression, it could act as a paracrine factor stim- 
ulating angiogenesis necessary for neoplastic cell growth 
[29]. However, the precise role and function of aFGF in 
normal and neoplastic tissues is not known. 
aFGF is widely distributed in human and other mam- 
malian tissues. It was primarly found in neural tissue, in- 
cluding brain [31, 33], hypothalamus [32] and retina [14, 
16], and has been extracted or immunohistochemically 
detected in bone matrix [27], kidney [23], uterus [9], 
pancreas [21], parathyroid [45], breast [4] and salivary 
glands [40]. Information on aFGF localization in endo- 
crine cells of the human gut is lacking. 
Endocrine turnouts of the gastrointestinal tract (car- 
cinoids) are slow-growing neoplasms, which often show 
striking fibroblastic reaction in the turnout stroma, pro- 
liferation of smooth muscle within the turnouts, pro- 
nounced serosal fibrosis, obliterative lastic sclerosis of 
mesenteric blood vessels and, sometimes, fibroelastosis 
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of the inside surfaces of the cardiac hambers and valvu- 
lar leaflets, mainly of the right side, resulting in so-called 
carcinoid heart disease. In particular, these features are 
typical of midgut serotonin-producing enterochromaffin 
(EC) cell tumours (argentaffin carcinoids). Previous 
studies have considered the possible role of TGFo~, 
TGF~, PDGF, insulin-like growth factor-I and bFGF in 
the stimulation of stromal fibrosis and in neoplastic 
growth regulation of gastrointestinal endocrine tumours 
[1, 5, 7, 12, 13, 42]. 
Studies on localization of aFGF in endocrine neo- 
plasms and related normal endocrine cells of the human 
gut have not been previously reported. We performed im- 
munohistochemical investigations to characterize aFGF 
production by normal and neoplastic endocrine cells of 
the gut using specific antibodies for aFGF. We observed 
aFGF expression i  serotonin-producing EC cells of the 
normal gastrointestinal mucosa nd in intestinal EC cell 
tumours (argentaffin carcinoids). 
Materials and methods 
We studied samples of normal human stomach and small and large 
bowel collected at surgery from seven different subjects (four 
males, three females). We also examined 41 endocrine tumours of 
the gastrointestinal tract (7 ECL cell tumours and 2 poorly differ- 
entiated neuroendocrine carcinomas of the stomach, 1 gastrin cell 
tumour and 1 somatostatin cell tumour of duodenum, 1 jejnneal 
well differentiated endocrine carcinoma, 9 ileal, 8 appendiceal, 4 
right colon and 2 rectal serotonin-producing EC cell tumours, 1 
appendiceal and 5 rectal glicentin- and PP-producing L cell tu- 
Table 1 Summary of clinico-pathological data and immunohisto- 
chemical staining of 41 endocrine tumours of the gastrointestinal 
tract (he not evaluated, aFGF acidic fibroblast growth factor, Glic 
glicentin-glucagon, 5HT serotonin, 
SubP substance P, Sore somatostatin) 
PP pancreatic polypeptide, 
No. Sex Age Site Type Size Fibrous 
(cm) stroma b 
Metastases Markers (% of positive cells) 
Sore PP Glic 5HT SubP aFGF 
1 F 46 Stomach Type 1 [44] 1.5 + 
2 F 65 Stomach Type 1 ne ne 
3 F 90 Stomach Type 1 ne ne 
4 M 76 Stomach Type 1 2 ++ 
5 M 43 Stomach Type3 [44] 2 + 
6 M 26 Stomach Type3 2 + 
7 M 44 Stomach Type 3 2 ++ 
8 M 68 Stomach NEC [44] 3 + 
9 M 52 Stomach NEC 5 + 
10 F 52 Duodenum D-cell 1.5 + 
l 1 a F 42 Duodenum G-cell 1 ++ 
12 F 38 jejunum Undefined-cell 1.2 + 
13 F 67 Ileum EC cell 2 ++ 
14 M 52 Ileum EC cell 2 +++ 
15 M ne Ileum EC cell 2.5 ++ 
16 F 46 Ileum EC cell 1.5 ++ 
17 M 59 Ileum EC cell 2.5 ++ 
18 M 58 Ileum EC cell 2.5 ++ 
19 M 39 Ileum EC cell 3 +++ 
20 F 75 Ileum EC cell 1.5 +++ 
21 F 69 Ileum EC cell 2 ++ 
22 M 53 Appendix EC cell 2.5 +++ 
23 M 25 Appendix EC cell 0.5 ++ 
24 F 95 Appendix EC cell 2 ++ 
25 F 14 Appendix EC cell 0.6 +++ 
26 F 17 Appendix EC cell 0.5 ++ 
27 F 24 Appendix EC cell 0.2 +++ 
28 M 27 Appendix EC cell 0.5 +++ 
29 F 21 Appendix EC cell 0.3 + 
30 F 24 Appendix L cell 1.5 +++ 
31 F ne Right colon EC cell ne ne 
32 ne ne Right colon EC cell ne +++ 
33 F 50 Right colon EC cell ne ++ 
34 M 46 Right colon EC cell 8 ++ 
35 F 51 Rectum L cell 0.7 + 
36 F 66 Rectum L cell ne ne 
37 M 39 Rectum L cell 0.3 +++ 
38 M 54 Rectum EC cell 2 ++ 
39 F 66 Rectum L cell 1.7 + 
40 M 66 Rectum L cell 1 + 
41 M 70 Rectum EC/L cell 2 +++ 
No 0 0 0 0 0 0 
No 0 0 0 0 ne 0 
No 0 0 0 0 0 0 
No 0 0 0 0 0 0 
Node 0 0 0 0 ne 0 
Node/liver 0 0 0 0 0 0 
Node/liver 0 0 0 0 ne 0 
Node/liver 20 0 0 0 ne 0 
Node 0 0 0 0 ne 0 
Node 100 0 0 ne 0 
No 0 0 0 0 0 0 
Node/liver 0 0 0 0 ne 0 
Node/liver 0 0 0 100 100 5 
Node/liver 0 0 0 40 100 80 
No 0 0 0 90 40 60 
Node 0 0 0 30 70 70 
Ne 0 0 0 100 60 70 
Node/liver 0 0 0 70 40 70 
Node 0 0 0 60 90 5 
Liver 0 0 0 100 60 80 
Node 0 0 0 i0 30 40 
No 0 0 0 90 100 30 
No 0 0 0 70 90 5 
No 0 0 0 100 10 40 
No 0 0 0 10 ne 70 
No 0 0 0 30 0 60 
No 0 0 0 100 20 60 
No 0 0 0 100 10 80 
No 0 0 0 100 0 3 
No 60 60 100 0 0 0 
Liver 0 0 0 100 ne 20 
Ne 0 0 0 30 50 5 
Omentum 0 0 0 90 0 5 
Liver 0 0 0 100 80 5 
No 0 5 0 0 0 0 
No 3 40 15 0 ne 0 
No 0 90 0 0 ne 0 
No 10 0 0 80 0 30 
No 0 0 0 0 0 0 
No 0 20 10 0 0 0 
No 0 0 40 30 0 10 
a Immunoreactivities for gastrin 34 and C-terminus gastrin-CCK-cerulein were found only in case 11 
b See "Materials and methods" 
Table 2 Antibodies and antisera used 
Antibodies/antisera Clone/code Dilution Source 
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Neuron specific enolase (NSE) A589 1:200 
Chromogranin A (CgA) Phe5 1:50 
Chromogranin B (CgB) B 11 1:4000 
Glicentin-glucagon (Glic) B 37-1 1:2500 
Pancreatic polypeptide (PP) CA08327 1:4000 
Somatostatin (Sore) A566 1:500 
Somatostatin (Som) 786 OC 1:10 
Secretin (Sect) B33-1 1:500 
Serotonin (5HT) YC5 1:50 
Substance P (Sub P) B45-1 1:640 
C-terminus gastrin-CCK-cerulein (Cer) B4 1 : 10000 
Gastrin 34 (Gastr) RA-08-090 1:500 
Acidic fibroblast growth factor (aFGF) 06-101 1:100 
Basic fibroblast growth factor (bFGF) 05-118 1:100 
Dako, Copenhagen, Denmark 
Enzo Diagnostics, New York, USA 
Dr. Siccardi, University of Milan, Italy 
Milab, Malmo, Sweden 
Cambridge Research Biochemicals, Cambridge, UK 
Dako 
Labometrics, Milan, Italy 
Milab 
Biogenesis, Bournemouth, UK 
Milab 
Farmitalia, Milan, Italy 
Cambridge 
UBI, Lake Placid, NY, USA 
UBI 
Fig. 1 a Acidic fibroblast 
growth factor (aFGF) and b se- 
rotonin immunoreactivities in 
normal human duodenal muco- 
sa. Only a subgroup of seroto- 
nin-positive cells (arrows) 
shows aFGF immunoreactivity. 
x400 
Fig. 2 a Glicentin, b aFGF and 
e serotonin immunoreactivities 
in normal human rectal muco- 
sa. Glicentin-positive c lls are 
unreactive with anti-aFGF anti- 
bodies which, in contrast, rec- 
ognize a subpopulation f sero- 
tonin-positive c lls (arrows). 
x250 
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mours). The clinico-pathological d ta for these tumours are given 
in Table 1. 
For all histological, histochemical nd immunohistochemical 
studies, tissues were fixed in buffered formalin (formaldehyde 4% 
w/v and acetate buffer 0.05 M) and routinely embedded in paraf- 
fin. Serial sections were stained with haematoxylin-eosin (H&E) 
for histological evaluation, with van Gieson stain for the evalua- 
tion of the fibrous stroma, and with Grimelius' silver impregnation 
for argyrophil cell detection. The amount of fibrous stroma was 
scored on van Gieson stained sections into three categories: (+) 
scant, when the fibrous stroma represented less than 10% of the 
neoplastic tissue; (++) intermediate, when it was from 10% to 
50%, and (+++) abundant when it was more than 50%. 
A panel of immunohistochemical st ins was performed on seri- 
al reverse face sections using the antibodies and antisera listed in 
Table 2. Sections, cut at 3 btm and mounted on slides coated with 
poly-L-lysine, were deparaffinized and hydrated through graded 
alcohol to water. The endogenous peroxidase activity was 
quenched by plunging sections in 3% hydrogen peroxide for 
10 rain. Primary antibody incubation was done at 4°C for 18-20 h, 
followed by the avidin-biotin complex (ABC) detection procedure 
according to Hsu et al. [28]. The sections were then immersed in 
0.03% 3,3'diaminobenzidine t trahydrochloride and counter- 
stained with Harris' haematoxylin. The sections tained for glicen- 
tin and somatostatin (Dako, polyclonal) were pretreated for 10 min 
with 0.003% subtilisin (Sigma, P4789; protease type XXVII or 
Nagarse protease) in 0.05 M TRIS-buffered saline pH 7.4, while 
sections stained for aFGF were pretreated with 0.01 M citrate 
buffer pH 6 (2 x 5 min) in a microwave oven at 650 W. Colocal- 
ization studies were performed using both 3 gin serial reverse face 
sections [18] and double immunostain performed according to 
Mason et al. [35] or Lan et al. [30]. Specificity controls consisted 
of absorption of each antiserum with 10-50 nM/ml of the antigen 
and related or unrelated amines or peptides, including bFGF 
(PBH, Hannover, Germany) and serotonin conjugated with bovine 
serum albumin (BSA)-pNH2-phenylalanine (Prof. R. Buffa, Uni- 
versity of Milan), and omission of the first layer, and use of con- 
trol tissues with or without he pertinent antigen. 
Fig. 3 Normal human duodenal mucosa: colocalization of seroto- 
nin (brown) and aFGF (red) in some enterochromaffin cells, aFGF 
revealed with anti-rabbit mmunoglobulins conjugated to alkaline 
phosphatase, followed by enzyme development with FastRed as 
chromogen, x630 
Results 
aFGF was detected by immunohistochemica l  analysis in 
scattered endocrine cells present in the mucosa of  the 
whole gastrointestinal tract. The immunohistochemica l  
staining was clearly granular and diffuse in the cyto- 
plasm. The staining was prevented by absorption with 
10 nM aFGF, but not by absorption with 20 nM bFGF or 
50 nM serotonin. Gastric mucosa showed rather scanty 
aFGF- immunoreact ive  (IR) cells, which were part icular- 
ly rare in the fundus. In contrast, aFGF- IR  cells were nu- 
merous in the mucosa of duodenum, je junum and i leum, 
as wel l  as in that of  the right colon and rectum. In adja- 
cent 3 -gm sections aFGF- IR  cells stained strongly with 
serotonin antibodies (Fig. 1), whi le fai l ing to react with 
antisera or antibodies directed against C-terminus gas- 
tr in-CCK-cerulein,  somatostatin, gl icentin (Fig. 2) and 
secretin. Double label l ing studies conf i rmed that all 
aFGF- IR  cells were serotonin posit ive (Fig. 3) and 
proved that a fraction (about 1/3) of serotonin- IR cells 
fai led to stain with aFGF antibody. Double immuno-  
stains conf i rmed that aFGF was not contained in somato- 
statin- (Fig. 4), gastr in-CCK-cerulein- ,  gl icentin- and se- 
cret in- immunoreact ive c lls. No substance P-posit ive 
cells were found in the normal  gastrointestinal mucosa. 
Sections of normal  gastrointestinal mucosae from sev- 
en subjects expressed few bFGF reactive endocrine cells, 
Fig. 4 Normal human duodenal mucosa: different localization of 
somatostatin (brown) and aFGF (red) in endocrine cells, aFGF re- 
vealed with anti-rabbit mmunoglobulins conjugated to alkaline 
phosphatase, followed by enzyme development with FastRed as 
chromogen, x400 
Fig. 5 a aFGF and b serotonin 
immunoreactivities in an ileal 
endocrine turnout, x200 
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which were more numerous in the gastric antral mucosa 
and were very few in the small intestinal mucosa. 
In 23 of the 41 gastrointestinal endocrine tumours ex- 
amined, immunostaining for aFGF showed significant 
numbers of positively staining cells and was restricted to 
cases with serotonin-positive c lls (Fig. 5). Most (81%) 
of the aFGF- and serotonin-IR cells were also substance 
P positive. The percentage of aFGF positive cells, varied 
from tumour to turnout, ranging from 5% to 100%, with 
a mean of 40%. The mean percentage of serotonin-IR 
cells, in the same neoplams, was 75% (ranging from 
10% to 100%), indicating that, as in the normal gastroin- 
testinal mucosa, aFGF is expressed only in a subpopula- 
tion of serotonin cells. In turnouts coexpressing aFGF 
and substance P the mean percentage of aFGF-IR cells 
was 42%, while that of substance P-IR cells was 50.8% 
(ranging from 10% to 100%). None of the tumours ex- 
amined, including ECL cell gastric carcinoids, showed 
positive staining for bFGF. 
The amount of fibrous stroma was comparatively 
evaluated in 22 serotonin- and aFGF-positive EC cell tu- 
rnouts and in 15 serotonin- and aFGF-negative tumours 
(Table 3). The former group was associated with abun- 
dant or intermediate fibrous stroma in 21of 22 cases 
(95.5%), while only 1 (4.5%) case had scanty stroma. In 
contrast, of the 15 serotonin- and aFGF-negative tu- 
mours, only 2 (13.3%) showed abundant fibrous stroma, 
and only 3 (20%) presented an intermediate fibrous stro- 
ma. The majority of these neoplasms (10/15, 66.7%) had 
scanty fibrous stromal reaction. 
No relationships were found between expression of 
aFGF and malignancy of the turnout, the marker being 
about equally expressed in benign appendiceal tumours 
and in malignant ileal and colonic endocrine neoplasms 
(see Table 1). 
Table 3 Relationship between amount of fibrous stroma nd sero- 
tonin and aFGF expression i  gut endocrine turnouts. (figures in 
round brackets are percentages) 
Fibrous stroma 
Scant Intermediate Abundant 
Serotonin + 
aFGF+ 
Serotonin- 
aFGF- 
Discussion 
turnouts 1 (4.5) 12 (54.5) 9 (41) 
turnouts 10 (66.7) 3 (20) 2 (13.3) 
We have shown that antibodies against aFGF identify a 
population of endocrine cells scattered in the normal gas- 
trointestinal mucosa as well as in turnouts composed of 
EC cells, which are known to produce serotonin and 
tachykinins. The aFGF-IR cells represent a fraction of 
serotonin-IR cells of the normal gut, while they are not 
related to other functional types of endocrine cells, such 
as gastrin (G), CCK, secretin (S), somatostatin (D) and 
glicentin (L) cells. 
aFGF immunoreactivity was also expressed in seroto- 
nin- and substance P-producing (EC) cell tumours (ar- 
gentaffin carcinoids), but not in other functional types of 
endocrine turnouts of the gut investigated, including gas- 
tric ECL cell, duodenal somatostatin and gastrin cell tu- 
mours, and rectal L cell tumours. These findings indicate 
that aFGF may be considered to be a specific marker for 
EC cell tumours and that it should be used in addition to 
serotonin and tachykinins (substance R neurokinin A and 
B and neuropeptide K) to characterize these lesions. 
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In addition, our results demonstrate hat, at least in 
our experimental conditions, the distribution of aFGF in 
endocrine cells of the gut and related tumours, appears to 
be different from that of bFGE The bFGF-IR cells were 
most numerous in the normal gastric mucosa where only 
few aFGF-IR cells were found, and in contrast aFGF-IR 
cells were numerous in the small intestine, where bFGF- 
IR cells were absent or very few. The absence of bFGF 
reactivity that we found in EC-cell turnouts hould indi- 
cate that this growth factor, unlike aFGF, cannot be re- 
garded as a tumour marker. However, our findings con- 
trast with those of Alhman et al. [1], which showed a 
strong immunopositive r action with bFGF antiserum in 
tumour cells of 30 neuroendocrine tumours of the diges- 
tive system. These different results may be due to the 
different conditions of tissue processing and use of dif- 
-ferent anti-bFGF antibodies. In this context, in the paper 
of Ahlman et al. [1] there is no mention of the specificity 
tests proving that the bFGF antibodies employed were 
not cross-reactive with aFGF. Technical problems may 
also explain the lack of bFGF-IR that we found in gastric 
ECL cell tumours, which contrasts with the positivity 
shown by Bordi et al. [7] in the same type of tumours. 
It is well known that intestinal EC cell tumours (ar- 
gentaffin carcinoids) are associated with significant stro- 
mal fibrosis when there is invasion of the muscular layer, 
which may be combined with peritoneal adhesions and 
intestinal obstruction. Moreover, a "carcinoid heart dis- 
ease" characterized bylarge fibrous plaques on the endo- 
cardial surface of cardiac chambers and of valvular 
cusps, mainly of the right side, may be associated with 
the carcinoid syndrome. Although serotonin and other 
vasoactive substances have been implicated as responsi- 
ble for the fibrosis, the relationship between these sub- 
stances and desmoplastic reaction has not been well de- 
fined. Experimental data have shown that serotonin alone 
does not have a mitogenic effect on Chinese hamster 
lung fibroblasts, but it can potentiate he mitogenic effect 
caused by bFGF [46]. Some authors [1, 5, 12, 13, 41, 42] 
have shown that midgut endocrine tumours produce sev- 
eral growth factors, including PDGF, TGFo~, TGF[31, 
TGF~2, TGF~3, insulin like growth factor-I and bFGF, 
that may interfere with mechanisms regulating stromal 
reaction, angiogenesis and tumour growth. 
Our results have shown a correlation between aFGF 
expression and the amount of fibrous stroma present in 
the gut endocrine tumours (Table 3), suggesting that 
aFGF might be involved in proliferation and activity of 
stromal fibroblasts. Other trophic responses to the pro- 
duction and local release of aFGF by EC cell tumours, 
(not examined in the present study) may include prolifer- 
ation of smooth muscle tissue within the tumour stroma 
or peritumour gut wall [8, 37] and elastic sclerosis of 
medium size mesenteric arteries and veins [2, 43]. The 
proliferation of smooth muscle cells within the tumours 
and in the extratumoural muscularis mucosae of stom- 
achs harbouring astric ECL cell carcinoids has been 
well documented by Bordi et al. [8]. In gastric tumours, 
the proliferative response of smooth muscle cells has 
been supposed to be induced by bFGF. Since aFGF is 
known to be a potent mitogen for smooth muscle cells 
[t0], like bFGF, the hypertrophy of the muscularis pro- 
pria underlying the carcinoid tumours of the small intes- 
tine [37] and contributing to the mechanism of small 
bowel obstruction might be induced by this growth fac- 
tor. Our preliminary unpublished observations (A.M. 
Chiaravalli, S. La Rosa, C. Capella, 1996) showing the 
presence of a significant component of c~-smooth muscle 
actin immunoreactive cells within the stroma of 10 out of 
13 aFGF-positive EC cell tumours, as against 3 out of 11 
aFGF-negative non EC cell gastrointestinal endocrine tu- 
mours, further support he hypothesis of an involvment 
of aFGF in smooth muscle proliferation. 
A possible role of aFGF in the pathogenesis of char- 
acteristic obliterative lastic sclerosis of peritumour and 
mesenteric blood vessels associated with EC cell car- 
cinoids [2, 43] appears questionable, since the effect of 
aFGF on the production of elastic fibers is not known 
and experimental studies have shown that aFGF pro- 
motes vascular epair and inhibits intimal thickening in 
response to intravascular damage [6]. 
The possible functional role of aFGF produced by tu- 
mour cells in the proliferation of stromal fibroblasts and 
smooth muscle cells has to be substantiated by the dem- 
onstration of aFGF receptors in the target mesenchymal 
cells. In this context, it is interesting to recall that aFGF 
is synthesized as a cytosolic protein without a signal se- 
quence, but it can be exported from Cells by an unknown 
mechanism [15]. The biological activity of aFGF is me- 
diated by high affinity transmembrane receptors consist- 
ing of an intracellular tyrosine kinase domain and an ex- 
tracellular binding domain with immunoglobulin loop- 
like motifs [24]. The role of aFGF relative to other fibro- 
blast stimulating factors, such as IGF-I, PDGF, TGFo~, 
TGF[3, and their possible interactions remain to be estab- 
lished. 
In addition to or as an alternative toparacrine stimula- 
tion of tumour stromal cells as an explanation, a possible 
regulatory effect of aFGF on normal and neoplastic EC 
cell function might be suggested. Although no data are 
available on the effect of aFGF on EC cells, other cellu- 
lar models indicate that aFGF may be an autocrine cell 
regulator. In this context, it is interesting to recall that 
aFGF is an intrinsic component of retinal photoreceptor 
cells, where it has been localized by both immunocyto- 
chemical and in situ hybridization techniques [34]. In ad- 
dition, rod outer segments contain specific receptors for 
aFGF, as has been demonstrated by Mascarelli et al. 
[34]. aFGF has also been shown to enhance rhodopsin 
synthesis in newborn rat photoreceptor cells in vitro. All 
these findings seem to indicate that aFGF may have an 
important role in photoreceptor physiology. A similar 
regulating role seems to be exerted by aFGF on pancreat- 
ic acini, where is known to stimulate amylase release 
[11]. 
Recent immunohistochemical studies have demon- 
strated much more intense xpression of aFGF in malig- 
nant tumours than in normal tissues. Elevated intracellu- 
lar aFGF immunoreactivity has been reported in brain tu- 
mours [36, 47]. In carcinomas, aFGF is overexpressed in 
pancreatic carcinoma [50], oral carcinoma [39], and sali- 
vary gland carcinoma [40]. In certain types of malignan- 
cies the overexpression f aFGF seems to correlate with 
advanced tumour stages [50]. At variance with these 
findings, aFGF immunoreactivity of  EC cell tumours is 
not related to malignancy, being present both in benign 
appendiceal tumours, and in malignant ileal and colonic 
tumours, It is not overexpressed in neoplastic EC cells 
relative to normal EC cells. 
In conclusion, our results show that aFGF is ex- 
pressed in a fraction of  normal gastrointestinal serotonin 
producing EC cells; is constantly expressed by gut sero- 
tonin-producing endocrine tumours and should therefore 
be considered a marker for gut EC cell tumours (argen- 
taffin carcinoids), being useful for differentiation of 
these turnouts from other functional types of  gastrointes- 
tinal endocrine tumours; and may be involved, in con- 
juction with other growth factor peptides, in the stromal 
fibroblast reaction frequently found in these endocrine 
neoplasms. 
References 
1. Ahlman H, Wangberg B, Nilsson O (1993) Growth regulation 
in carcinoid tumours. Endocrinol Metab Clin North Am 22: 
889-915 
2. Anthony PR Druy RAB (1970) Elastic vascular sclerosis of 
mesenteric blood vessels in argentaffin carcinoma. J Clin Pa- 
thol 23:110-118 
3. Baird A, Esch F, Morm~de R Ueno N, Ling N, B6hlen R Ying 
SY, Wehrenberg WB, Guillemin R (1986) Molecular charac- 
terization of fibroblast growth factor: distribution and biologi- 
cal activities in various tissues. Recent Prog Horm Res 42: 
143-205 
4. Bansal GS, Yiangou C, Coope RC, Gomm JJ, Luqmani YA, 
Coombes RC, Johnston CL (1995) Expression of fibroblast 
growth factor 1 is lower in breast cancer than in the normal 
human breast. Br J Cancer 72:1420-1426 
5. Beauchamp RD, Coffey RJ, Lyons RM, Perkett EA, Townsend 
CM, Moses JR, Moses IlL (1991) Human carcinoid cell pro- 
duction of paracrine growth factors that can stimulate fibro- 
blast and endothelial cell growth. Cancer Res 51:5253-5260 
6. Bjornsson TD, Dryjski M, Tluczek J, Mennie R, Ronan J, 
Mellin TN, Thomas KA (1991) Acidic fibroblast growth factor 
promotes vascular epair. Proc Natl Acad Sci USA 88:8651- 
8655 
7. Bordi C, Falchetti A, Buffa R, Azzoni C, D'Adda T, Caruana 
R Rindi G, Brandi ML (1994) Production of basic fibroblast 
growth factor by gastric carcinoid tumours and their putative 
cells of origin. Hum Pathol 25:175-180 
8. Bordi C, Caruana R D'Adda T, Azzoni C (1995) Smooth mus- 
cle cell abnormalities associated with gastric ECL cell car- 
cinoids. Endocr Pathol 6:103-113 
9. Brigstok DR, Heap RB, Brown KD (1989) Polypeptide growth 
factors in uterine tissues and secretions. J Reprod Fertil 
85:747-758 
10. Burgess WH, Maciag T (1989) The heparin-binding (fibro- 
blast) growth factor family of proteins. Annu Rev Biochem 
58:575-606 
11. Chandrasekar B, Kork M (1992) Binding and biological ac- 
tions of acidic and basic fibroblast growth factor in isolated rat 
pancreatic acini. Gastroenterolog.y 102:A725 
12. Chaudhry A, Papanicolaou V, Oberg K, Heldin CH, Funa K 
(1992) Expression of platelet-derived growth factor and its re- 
123 
ceptors in nenroendocrine tumours of the digestive system. 
Cancer Res 52:1006-1012 
13. Chaudhry A, Funa K, 0berg K (1993) Expression of growth 
factor peptides and their receptors in neuroendocrine tumours 
of the digestive system. Acta Oncol 32:107-114 
14. Courty J, Chevallier B, Moenner M, Loret C, Lagente O, 
Bohlen R Courtois Y, Barritault D (1986) Evidence for FGF- 
like growth factor in adult bovine retina: analogies with EDGF 
I. Biochem Biophys Res Commun 136:102-108 
15. D'Amore PA (1990) Modes of FGF release in vivo and in vit- 
ro. Cancer Metastasis Rev 9:227-238 
16. D'Amore PA, Klagsbrun M (1984) Endothelial cell mitogens 
derived from retina and hypothalamus: biochemical and bio- 
logical similarities. J Cell Biol 99:1545-1549 
17. Engelmann GL, Dionne CA, Jaye MC (1993) Acidic fibroblast 
growth factor and heart development. Role in myocyte prolif- 
eration and capillary angiogenesis. Circ Res 72:7-19 
18. Facer P, Bishop AE, Lloyd RV, Wilson BS, Hennessey RJ, Po- 
lak JM (1985) Chromogranin: a newly recognised marker for 
endocrine ceils of the human gastrointestinal tract. Gastroen- 
terology 89:1366-1373 
19. Fitzpatrick LR, Jakubowska A, Martin GE, Davis M, Jaye 
MC, Dionne CA (1992) Acidic fibroblast growth factor accel- 
erates the healing of acetic-acid-induced gastric ulcers in rats. 
Digestion 53:17-27 
20. Folkman J, Klagsbrun M (1987) Angiogenic factors. Science 
235:442-447 
21. Friess H, Kobrin M, Korc M (1992) Acidic and basic fibro- 
blast growth factors and their receptors are expressed in hu- 
man pancreas. Pancreas 7:737 
22. Friess H, Yamanaka Y, Btichler M, Beger HG, Do DA, Kobrin 
MS, Korc M (1994) Increased expression of acidic and basic 
fibroblast growth factors in chronic pancreatitis. Am J Pathol 
144:117-128 
23. Gautschi-Sova R Zhi-Ping J, Frater-Schroder M, Bohlen P 
(1987) Acidic fibroblast growth factor is present in non-neuro- 
nal tissue: isolation and chemical characterization from bovine 
kidney. Biochemistry 26:5844-5847 
24. Givol D, Yayon A (1992) Complexity of FGF receptors: genet- 
ic basis for structural diversity and functional specificity. 
FASEB J 6:3362-3369 
25. Goldfarb M (1990) The fibroblast growth factor family. Cell 
Growth Diff 1:439-445 
26. Gospodarowicz D (1989) Expression and control of vascular 
endothelial cells: proliferation and differentiation by fibroblast 
growth factors. J Invest Dermatol 93:39S-47S 
27. Hauschka PV, Mavrakos AE, Iafrati MD, Doleman SE, Klags- 
burn M (1986) Growth factors in bone matrix. Isolation of 
multiple types by affinity chromatography on heparin-sepharo- 
se. J Biol Chem 261:12665-12674 
28. Hsu SM, Raine L, Fanger H (1981) Use of avidin-biotin-per- 
oxidase complex (ABC) in immunoperoxidase technique. J 
Histochem Cytochem 25:577-589 
29. Klagsbrun M (1989) The fibroblast growth factor family: 
structural and biological properties. Prog Growth Factor Res 
1:207-235 
30. Lan HY, Mu W, Nikolic-Paterson DJ, Atkins RC (1995) A 
novel, simple, reliable, and sensitive method for multiple im- 
munoenzyme staining: use of microwave oven heating to 
block antibody crossreactivity and retrieve antigens. J Histo- 
chem Cytochem 43:97-102 
31. Lobb RR, Fett JW (1984) Purification of two distinct growth 
factors from bovine neural tissue by heparin affinity chroma- 
tography. Biochemistry 23:6295-6399 
32. Maciag R, Cerundolo J, Isley S, Kelley PR, Forand R (1979) 
An endothelial cell growth factor from bovine hypothalamus 
identification and partial characterization. Proc Natl Acad Sci 
USA 76:567d-5678 
33. Maciag T, Mehlman T, Friesel R, Schreiber AB (1984) Hepa- 
rin binds endothelial cell growth factor, the principal endothe- 
lial cell mitogen in bovine brain. Science 225:932-935 
124 
34. Mascarelli F, Raulais D, Courtois Y (1989) Fibroblast growth 
factor phosphorylation a d receptors in rod outer segments. 
EMBO J 8:2265-2273 
35. Mason DY, Abdulaziz B, Falini H, Stein H (1983) Double im- 
munoenzymatic labelling. In: Polak JM, Van Noorden S (eds) 
Immunocytochemistry. P actical applications in pathology and 
biology. Wright, Bristol, pp 113-128 
36. Maxwell M, Naber SP, Wolfe HJ, Helley-Whyte ET, Gala- 
nopoulos T, Neville-Golden J, Antoniades HN (1991) Expres- 
sion of angiogenic growth factor genes in primary human as- 
trocytomas may contribute to their growth and progression. 
Cancer Res 51:1345-1351 
37. McNeal JE (1971) Mechanism of obstruction i  carcinoid tu- 
mours of the small intestine. Am J Clin Pathol 56:452458 
38. Mergia A, Eddy R, Abraham JA, Fiddes JC, Shows TB (1986) 
The gene for basic and acidic fibroblast growth factors are on 
different human chromosomes. Biochem Biophys Res Com- 
mun 138:644-651 
39. Myoken Y, Myoken Y, Okamoto T, Sato JD, Takada K (1994) 
Immunocytochemical localization of fibroblast growth factor-1 
(FGF-1) and FGF-2 in oral squamous cell carcinoma. J Oral 
Pathol Med 23:451-456 
40. Myoken Y, Myoken Y, Okamoto T, Sato JD, Kan M, McKee- 
ban WL, Nakahara M, Takada K (1996) Immunohistochemical 
study of overexpression f fibroblast growth factor- 1 (FGF- 1), 
FGF-2, and FGF receptor-1 in human malignant salivary gland 
tumours. J Pathol (Lond) 178:429-436 
41. Nilsson O, W~ingberg B, Theodorsson E, Skottner A, Ahlman 
H (1992) Presence of IGF-I in human midgut carcinoid tu- 
mours - an autocrine regulator of carcinoid tumour growth? Int 
J Cancer 51:195-203 
42. Nilsson O, W~ingberg B, McRae A, Dahlstrom A, Ahlman H 
(1993) Growth factors and carcinoid tumours. Acta Oncol 
32:115-124 
43. Qizilbash AH (1977) Carcinoid tumours, vascular elastosis, 
and ischemic disease of the small intestine. Dis Colon Rectum 
20:554-560 
44. Rindi G, Luinetti O, Cornaggia M, Capella C, Solcia E (1993) 
Three subtypes of gastric argyrophil carcinoids and gastric 
neuroendocrine carcinomas: a clinicopathologic study. Gastro- 
enterology 104:994-1006 
45. Sakaguchi K (1992) Acidic fibroblast growth factor autocrine 
system as a mediator of calcium-regulated parathyroid cell 
growth. J Biol Chem 267:24554-24562 
46. Seuwen K, Magnaldo I, Pouyss6gur J (1988) Serotonin stimu- 
lates DNA synthesis in fibroblasts acting through 5-HT1B re- 
ceptors coupled to a Gi-protein. Nature 335:254-256 
47. Stefanik DF, Rizkalla LR, Soi A, Goldblatt SA, Rizkalla WM 
(1991) Acidic and basic fibroblast growth factors are present 
in glioblastoma multiforme. Cancer Res 51:5760-5765 
48. Unsicker K, Reichert-Preibisch H, Schmidt R, Pettmann B, 
Labourdette G, Sensenbrenner M (1987) Astroglial and fibro- 
blast growth factors have neurotrophic functions for cultured 
peripheral and central nervous system neurons. Proc Natl 
Acad Sci USA 84:5459-5463 
49. Wanaka A, Johnson EM, Milbrandt J (1990) Localization of 
aFGF receptor mRNA in the adult rat central nervous ystem 
by in situ hybridization. Neuron 5:267-281 
50. Yamanaka Y, Friess H, Buchler M, Beget HG, Uchida E, Onda 
M, Kobrin MS, Korc M (1993) Overexpression f acidic and 
basic fibroblast growth factors in human pancreatic ancer 
correlates with advanced tumour stage. Cancer Res 53:5289- 
5296 
